Although a single human case of West Nile virus (family Flaviviridae, genus Flavivirus, WNV) reportedly was acquired in Los Angeles, CA, during 2002, enzootic activity was not documented in California until 2003, when a pool of Culex tarsalis Coquillett collected near El Centro in Imperial County on 16 July tested positive (Reisen et al. 2004b) . Epidemic transmission occurred the following year in Los Angeles, but then it subsided dramatically, perhaps in association with increasing "herd immunity" within the peridomestic passerine community and the depopulation of some corvid roosts (Wilson et al. 2006 ). This pattern of invasion, ampliÞcation, and subsidence has been reported elsewhere as WNV has invaded new areas of North America (Komar 2003 , Hayes et al. 2005 .
Transmission of St. Louis encephalitis virus (family Flaviviridae, genus Flavivirus, SLEV), a member of the Japanese encephalitis virus (family Flaviviridae, genus Flavivirus, JEV) serocomplex closely related to WNV, has been documented continually in California since its discovery as a cause of human illness in 1938 (Howitt 1939, Reeves and Hammon 1962) . Although activity levels were highly variable ( Fig. 1) , enzootic SLEV activity was detected either by sentinel chicken seroconversions or by positive mosquito pools during each of the 20 yr before our study (Hui et al. 1999 , Steinlein et al. 2003 . Most SLEV activity has been conÞned to the southeastern desert biome (Madon et al. 1974; Workman et al. 1976; Meylan et al. 1989; Reisen et al. 1992a Reisen et al. , 2002 Reisen et al. , 2004b , with occasional incursions into Los Angeles (Murray et al. 1985 , Work et al. 1985 and Kern County (Reisen et al. 1992b ), resulting in limited outbreaks of human illness. The invasion of WNV into the SLEV endemic areas of southeastern California provided a unique natural experiment to test the hypothesis that two closely related members of the Japanese encephalitis virus serocomplex could not persist and amplify concurrently within the same niche (Work 1971) . WNV and SLEV seem to exploit the same avian host and vector species, although the NS3 helicase mutation present in the invading WNV genotype that confers elevated virulence for passeriform birds, especially the Corvidae (Brault et al. 2007) , would seem to provide a competitive advantage. We tested this hypothesis herein by comparing enzootic activity levels of both viruses over a 4-yr period after the invasion of WNV. During 2005, western equine encephalomyelitis virus (family Togaviridae, genus Alphavivirus, WEEV) was reintroduced into southeastern California (Hom et al. 2006 ). We present these regional data to document that an antigenically different virus that exploits the same mosquito and avian hosts was able enter and amplify in southeastern California concurrently with WNV.
The incidence of human cases in the deserts of southeastern California has remained low compared with Los Angeles and the San Joaquin Valley, despite the repeated detection of high levels of enzootic WNV activity each summer. Moderate vector competence and low numbers of highly susceptible avian hosts such as American crows seemed to result in low infection rates in peridomestic populations of Culex pipiens quinquefasciatus Say, perhaps limiting human cases (Reisen et al. 2006a) . A primary objective of our current research was to expand these early observations and to describe the distribution, ampliÞcation, and dispersal of WNV in the desert biome of southeastern California, where temperature is not limiting and the Culex vector species, tarsalis and p. quinquefasciatus, are abundant and reproductively active throughout most of the year.
Materials and Methods
Description of Study Area. The Salton Sea and peripheral desert separates the intensely irrigated agroecosystems of the Coachella and Imperial valleys (Fig.  2) . The Coachella Valley (1,748 km 2 ) slopes downward from residential areas surrounding the city of Palm Springs in the northwest at an elevation of 150 m to intensely irrigated agriculture in the southeast along the Salton Sea at an elevation of Ϫ69 m below sea level. The Whitewater riparian corridor transects the Coachella Valley and ßows into the north end of the Salton Sea, creating a delta region heavily populated by water birds. The Imperial Valley (11,905 km 2 ) and northern parts of Baja Norte and Sonora states of Mexico are extensively irrigated for row crops and citrus, with tail water feeding into the Alamo and New rivers, which ßow north into the Salton Sea. Climate in southeastern California typically is dry with little rain, occasionally concentrated during brief summer monsoon or winter rains. Temperatures are mild during winter and hot during summer, when maximum temperatures approach 45ЊC. Most importantly, maximum temperatures during every month exceed minimum thresholds required for SLEV and WNV extrinsic incubation (Reisen et al. 2006b ), thereby theoretically allowing virus transmission to occur throughout the year.
Sampling during the current study focused on wetlands managed for migratory waterfowl in Imperial County along the South Shore of the Salton Sea and on multiple sites in different habitats within the Coachella Valley. Based on landscape, and the history of virus activity and dispersal (Reisen et al. 1995a) , we divided Coachella Valley into areas along the North and West shores of the Salton Sea, wetlands managed for duck hunting, and Upland, Mid Valley, and Upper Valley zones, progressing from the rural community of Mecca to urban Palm Springs (Fig. 2) .
Sampling. The locations of Þxed mosquito sampling sites are shown in Fig. 2 . Mosquitoes were collected biweekly using dry ice-baited CDC-style traps (CO 2 traps) that were operated for one night without lights (Newhouse et al. 1966) . In the residential settings of Coachella Valley, gravid Cx. p. quinquefasciatus females also were collected using hay infusion-baited up-draft gravid female traps (Cummings 1992) . Collections were returned alive to the laboratory where mosquitoes were anesthetized with triethylamine; identiÞed to species, sex, and reproductive condition; enumerated into pools of Յ50 females each; frozen at Ϫ80ЊC; and then shipped on dry ice to the Center for Vectorborne Diseases BSL3 Arbovirus Laboratory at University of California, Davis (CVEC), for later testing for virus infection. 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 (Fig. 2 ). Hens were bled by lancet prick of the comb, with the blood collected on Þlter paper strips (Reisen et al. 1993 ), dried at air temperature, and shipped to the Viral and Rickettsial Diseases Laboratory of the California Department of Health Services for testing. Hens seroconverting or dying were replaced at the next scheduled bleeding. Care and bleeding of sentinel chickens was approved by a University of California Davis Institutional Animal Care and Use Committee (IACUC) protocol.
Seroconversions
From January 2003 through June 2005, wild birds were collected weekly or biweekly in Coachella Valley at two Þxed mist netting sites (8 Ð10 size 36 Ð38-mm mesh mist nets operated for 3Ð 4 h starting at dawn) on the northeastern and northwestern shores of the Salton Sea, and at seven grain-baited traps located from the Salton Sea through Palm Springs to the northwest. Bird collection sites were situated within 0.5 km of the chicken ßocks shown in Fig. 2 . Birds were identiÞed to species, sex, and age; banded using U.S. Geological Survey (USGS) bands; bled (0.1 ml of blood into 0.9 ml of saline); and then immediately released near the point of capture. Blood samples were held at ambient conditions until transported to the laboratory where they were clariÞed by centrifugation and frozen at Ϫ80ЊC until shipped to CVEC for testing. Human and equine cases were diagnosed by local health care providers and reported to county and state health departments.
Laboratory Testing. Mosquito pools were triturated in a Spex Mixer Mill (Spex CertiPrep, Metuchen, NJ) in diluent (phosphate-buffered saline, 15% fetal bovine serum, antibiotics) and the RNA extracted using either a robotic ABI 6700 or manually using an ABI 6100 (Applied Biosystems, Foster City, CA). RNA were screened for WNV, SLEV, and WEEV by using a real-time multiplex reverse transcription-polymerase chain reaction (RT-PCR) with an ABI Prism 7900 TaqMan, using published (Lanciotti and Kerst 2001) and unpublished primers from the envelope gene. Initially, all positives were conÞrmed by virus isolation on Vero cell culture, in situ enzyme immunoassay (EIA) (Graham et al. 1986) , and/or a second singleplex RT-PCR by using primer sets from the North Shore region . ConÞrmation rates were excellent if the critical threshold (Ct) score was Ͻ30; therefore, during years 3 and 4 of our study conÞrmation by the second primer set was only done on samples with a screening Ct value Ͼ30 and Ͻ40. Dead bird tissues were screened and conÞrmed only for WNV by using a singleplex RT-PCR following the same paradigm as indicated above for mosquito pools. Previous studies indicated that few birds succumb from infection with WEEV or SLEV (Reisen et al. 2003b) .
Chicken sera were screened for antibody by WEEV and WNV/SLEV antigens by using an EIA (Reisen et al. 1994) . Wild bird sera were screened using an indirect sandwich EIA with a polyclonal anti-bird detector antibody Reisen 1998, Ebel et al. 2002) . Presumptive positives were conÞrmed using a plaque reduction neutralization test (PRNT), with positives producing Ͼ80% reduction of Ͼ50 plaques at a 1:20 dilution. To identify the infecting virus, an end point titer Ն4ϫ the competing virus was used to separate antibody raised by WNV or SLEV. Because of antigenic similarity deÞnitive determination was not always possible, so wild bird sera were scored as being negative (EIA positive/negative well ratio Ͻ2), unconÞrmed Flavivirus (P/N Ͼ2, PRNT Ͻ1:20), Flavivirus conÞrmed (P/N Ͼ2 and PRNT Ն1:20, but PRNT Ͻ4ϫ competing virus), and WNV or SLEV (P/N Ͼ2, PRNT titer Ն4ϫ the competing virus). Data were presented for Flavivirus, SLEV, and WNV positives, because previously we demonstrated that EIA but not PRNT antibody persists into the following season (Reisen et al. 2003a (Reisen et al. , 2004a , so many of the unconÞrmed EIA positives during the spring were probably old infections from the previous summer.
Results
Climate. Rainfall and temperature were reported from Mecca in Coachella Valley (Figs. 2 and 3). Rainfall was scarce, with only 105 mm falling on 47 d during the 4-yr period; only three rainfall events exceeded 10 mm, and no rain was detected from March 2005 through December 2006. The depth of the Salton Sea progressively decreased during our study (Fig. 4) , thereby limiting vernal shoreline inundation and mosquito larval habitat. Maximum daily temperatures ranged from 10.6 to 46.1ЊC and generally remained above the 14ЊC minimum required for SLEV or WNV replication in Cx. tarsalis (Reisen et al. 2006b ), thereby allowing viral replication in infected mosquitoes during every month of the year. When tested by analysis of variance (ANOVA) blocked by month, mean annual maximum temperatures did not vary signiÞcantly among years (F ϭ 1.3, df ϭ 3, 1413, P ϭ 0.26). Minimum temperatures ranged from Ϫ1.7 to 33.3ЊC, and they were below 14ЊC from October through April. Minimum temperatures varied among years (F ϭ 4.82; df ϭ 3, 1,413; P ϭ 0.002), being signiÞcantly warmer during 2003 (mean 15.5ЊC) than Mosquito Abundance. Overall, 661,950 female mosquitoes comprising 13 species were collected by CO 2 and gravid traps, of which Cx. tarsalis was most abundant, making up 46% of the total, followed by Culex erythrothorax Dyar (38%) Counts of the three abundant Culex species per CO 2 trap per night, transformed by ln(y ϩ 1), varied signiÞcantly among zones when tested by repeated measures ANOVAs, with years and zones as main effects (F Ͼ 4.3; df ϭ 6, 27; P Ͻ 0.001). These patterns were not signiÞcantly different among years, because both the year and year by zone interaction effects were not signiÞcant (P Ͼ 0.05). Cx. tarsalis was most abundant within zones A and C near the Salton Sea containing managed wetlands that were inundated during late summerÐfall to produce habitat for migratory water fowl, followed by wetlands in zones B and D at the North and West shores of the Salton Sea, respectively, and then zones EÐG that were progressively more densely populated moving from the southeastern to northwestern portion of the Coachella Valley ( Fig. 2 ; Table 1 ). Seasonal abundance patterns with vernal and autumnal peaks generally reßected changes in water availability (Fig. 5) . Midsummer declines were associated with hot dry weather, and the decrease in the depth of the Salton Sea, whereas winter declines were associated with cool weather and reproductive diapause in Cx. tarsalis (Reisen et al. 1995d ). The regional abundance pattern for Cx. p. quinquefasciatus was opposite that observed for Cx. tarsalis, with signiÞcantly (P Ͻ 0.05) greatest abundance detected in the urbanized zone G in the Upper Valley, followed by zones F and E (Table 1) . Even though larval habitats were associated with urban sources in older neighborhoods, abundance peaked during spring, similar to Cx. tarsalis near the Salton Sea (Fig. 5) . Larvae of Cx. erythrothorax only develop in wetlands with dense stands of cattails (Bohart and Washino 1978) , and in agreement this species was only abundant within zones A and D, both of which contained wetlands with large Typha stands.
Mosquito Infection. Overall, 356,893 female mosquitoes were tested in 9,139 pools, of which 19 were positive for WEEV, three for SLEV, and 248 for WNV (Table 2) . Pools positive for WEEV were detected only during 2005 in Cx. tarsalis collected from wetlands near the Salton Sea. The three pools positive for SLEV were detected in Cx. tarsalis collected from wetlands in Coachella Valley during 2003; in July before the establishment of WNV and in August and October after WNV was detected in the same area. All pools positive for WNV were from either Cx. tarsalis or Cx. p. quinquefasciatus. Overall, 188 (2.9%) of 6,427 pools of Cx. tarsalis were positive for WNV, with an MLE infection rate (IR) of 0.68 positive females per 1,000 tested. The percentage of Cx. p. quinquefasciatus pools positive (2.9%; 60 pools positive of 2,039 tested) was identical to Cx. tarsalis, but the IR was higher (1.01 per 1,000), because Cx. tarsalis were collected throughout the year, whereas Cx. p. quinquefasciatus were collected mostly during summer in the urban areas where pool size frequently was Ͻ50 and many of the females tested were collected by gravid traps. These gravid females had blood fed Ն3 d previously, were now ready to oviposit; therefore, they were more likely to be infected than females collected in CO 2 traps that included many nulliparous females hostseeking for the Þrst time (Reisen et al. 1995b ). Positive WNV pools were detected during each year in Cx. tarsalis, whereas 54 of 60 Cx. p. quinquefasciatus positive pools were collected during 2005, when sampling was expanded during evaluations of ground ULV applications (Lothrop et al. 2007 ). Of these 54 positive pools, 19 (35%) were from females collected from gravid traps.
Infection rates in Culex females varied regionally (Table 3 ). For Cx. tarsalis, infection rates were signiÞcantly highest along the South and North shores of the Salton Sea, whereas for Cx. p. quinquefasciatus regional infection rates were low throughout. Interestingly, infection rates for Cx. tarsalis and Cx. p. quinquefasciatus collected in the urbanized Upper Valley were not statistically different, because the 95% CL overlapped. Although abundance of both species typically peaked in early spring or fall, WNV infection rates typically were greatest during the hottest months in midsummer (Fig. 6 ), when they frequently exceeded the Þve per 1,000 threshold for epidemic transmission (Kramer 2007 (Carroll et al. 2007 ). Four seroconversions to SLEV were detected within two ßocks during September 2003 at zones A and B, after the arrival of WNV. Seroconversions to WNV were detected each year, and all ßocks had at least one seroconversion during more than one season. The number of seroconversions per ßock per zone per year was highest at South Shore and Duck Club zones A and C, and then the number progressively decreased moving northwest into Upper Valley zones EÐG (Fig. 7) , agreeing with the distribution of Cx. tarsalis abundance and infection rates (Tables 1 and 3 ). Because positive hens were replaced as soon as possible after seroconversion, ßocks near the Salton Sea frequently had Ͼ10 seroconversions per year (Fig. 6) . The seasonal timing of seroconversions generally agreed with increases in Cx. tarsalis infection rates, but on 10 of 28 occasions occurred earlier than or in the absence of mosquito infection (Fig. 6) .
Avian Seroprevalence. From January 2003 through June 2005, a total of 7,900 sera were collected from 91 species of birds and tested for antibodies, of which nine were positive for WEEV, 29 for SLEV, and 273 for WNV (Tables 2 and 4 ). These sera were screened for antibody by EIA by using WEEV and SLEV antigens, with positives tested by PRNT for conÞrmation and to separate antibodies from SLEV and WNV. An additional 151 sera were positive by EIA by using SLEV antigen and conÞrmed, but end point PRNT titers were equivocal for SLEV or WNV; therefore, the in- Positive sera were detected in 21 of the 91 species of birds (Table 4) . Overall, 27.4% of the 7,900 sera came from banded birds, of which 10% were WNV seropositive as deÞned above. This number was signiÞcantly higher than 4% of the unbanded birds that were seropositive. Data from recaptures were included in these analyses, because these birds were part of the entire population and their removal may have provided a downward bias in age structure and therefore WNV seroprevalence. There was no signiÞcant difference in WNV seroprevalence between hatching year (HY ϭ 5.2%; n ϭ 2,249) and after hatching year (AHY ϭ 5.6%; n ϭ 4,751) birds (P ϭ 0.7). For this comparison, all birds older than HY, including second year and after second year birds, were combined with AHY birds. There were no statistical differences (P Ͼ 0.05) in seroprevalence (P Ͼ 0.05) among these ϾHY older age classiÞcations when tested by chi-square test. WNV seroprevalence for birds in which sex could be determined indicated that there was no statistical difference ( 2 ϭ 1.86, P ϭ 0.17) between males (2.54%; n ϭ 2,674) and females (3.34%; n ϭ 1,887). Therefore, age and sex were not considered further in our analyses.
Numbers of birds positive for SLEV, WNV, and Flavivirus during each month are shown in Fig. 8A . Seroprevalence varied signiÞcantly among residency status (contingency 2 ϭ 112, df ϭ 3, P Ͻ 0.001), being greater (18.9%) for summer resident species than year-round residents (6.6%; 2 ϭ 8.9, df ϭ 1, P ϭ 0.003) ( Table 5 ). Seroprevalence was lowest in winter residents such as white-crowned sparrows and absent in transient migrants such as yellow and WilsonÕs war- (Table 6) .
Monthly changes in WNV seroprevalence for yearround resident avian species showed marked variation, with highest seroprevalence at the end of each transmission season during fall and early winter (Fig.  8B) . The marked declines observed during January 2004 and February 2005 may relate to low sample sizes of 54 and 85 birds, respectively, during those months or to unknown factors. Although seroprevalence curves depicted the cumulative response of avian populations to infection, they failed to account for infection related mortality. Of the bird species captured during our study for which experimental infection data were available , Reisen et al. 2005a , those with highest viremias and therefore greatest host competence measures frequently had elevated mortality (e.g., house Þnches); therefore, they contributed minimally to herd immunity compared with species such as GambleÕs quail that always survived infection (Reisen et al. 2006c) . Mortality also was important because the depopulation of critical host species also could dampen ampliÞcation transmission (Ladeau et al. 2007) .
Dead Birds. Overall, 12% (n ϭ 93) of dead birds reported by the public and submitted for necropsy tested), American crow (two/four), American coot (one/one), house Þnch (one/10), house sparrow (one/Þve), barn owl (one/one), pigeon (one/one), and ßamingo (one/one). All dead birds were reported from the northeastern part of the valley within urbanized zones EÐG, emphasizing the importance of the human population in detecting and reporting dead birds. Few corvids are found within Coachella Valley (http://www.mbr-pwrc.usgs.gov/bbs/bbs.html), perhaps explaining the few numbers of dead birds reported. Large birds such as semidomesticated mallards were found at ponds in residential areas. The ßamingo was part of a captive ßock displayed at a hotel in Palm Desert.
Human Cases. In total, 13 human WNV cases were reported during 2004 Ð2006; none were reported in 2003 (Table 2 ). All the human cases resided in the northeastern part of the valley within urbanized zones EÐG, but the actual point of infection was not known. The population of Coachella Valley was estimated to be Ϸ411,000 in 2005, of which 320,000 lived within zones EÐG. At the peak of the WNV outbreak in 2004, seven human cases were reported from Coachella Valley, yielding an incidence of 2.18 cases per 100,000 for the urbanized area. In contrast, 5% of residents had evidence of previous infection with SLEV, and these individuals resided throughout the valley (Reisen et al. 1996a) . In this previous, serosurvey a special effort was made to obtain samples from residents of the agricultural communities near the Salton Sea, and it may be that these residents have a higher level of acquired immunity that those residing in the Upper Valley.
Discussion
The invasion of California by WNV seemed to result in the competitive displacement of SLEV, supporting our hypothesis that two antigenically similar Flaviviruses within the JEV complex cannot be ampliÞed concurrently within the same niche. Reports from areas such as Pakistan (Igarashi et al. 1994) , India (Jamgaonkar et al. 2003) , and Australia (Russell 1995) where one or more Flaviviruses in the JEV complex persist sympatrically would seem to reject this hypothesis; however, detailed studies describing concurrent enzootic ampliÞcation of these viruses within the Positives included WNV and unidentiÞed Flavivirus. Several factors related to avian virulence may have contributed to the apparent WNV competitive advantage. Previous infection of house Þnches with WNV produced sterilizing immunity against subsequent infection with both WNV and SLEV, whereas previous infection with SLEV protected against SLEV and WNV mortality, but it did not prevent a moderate WNV viremia after infection . Similar results were reported using a golden hamster laboratory model (Tesh et al. 2002) . Although avian herd immunity against both viruses during spring seemed low, differences in seroprevalence rates may have contributed to the disappearance of SLEV from California. Overall, SLEV seroprevalence during the 4 yr before the arrival of WNV (1.3%; n ϭ 7,857) ( Table  7) was signiÞcantly lower ( 2 ϭ 196, df ϭ 1, P Ͻ 0.0001) than ßavivirus seroprevalence rates during the following 3 yr (5.6%; n ϭ 7,900) ( Table 2 ). In addition, these seroprevalence rates failed to account for depopulation of key species such as house Þnches in which a high percentage die during acute infection (Table 4 ). In addition, although the median infectious dose to infect Cx. tarsalis with SLEV is much lower than with WNV Reeves 1990, Reisen et al. 2005a) , SLEV is less virulent in birds, produces elevated viremia titers in fewer species, and it has lower overall host competency (Reisen et al. 2003b ) than WNV. SLEV may rely upon elevated viremias produced in nestlings for effective ampliÞcation (Mahmood et al. 2004) . In contrast, the invading strain of WNV produces elevated viremias in a wide range of bird species (Komar 2003) , and it has effectively ampliÞed to epidemic levels throughout California despite moderate susceptibility in Culex vectors (Reisen et al. 2005a) . A combination of these and perhaps yet unknown factors have apparently been sufÞcient to preclude the reestablishment of SLEV. Interestingly, WEEV was detected in both Cx. tarsalis pools and sentinel chicken sera tested from Imperial, Coachella, and San Joaquin valleys , thereby documenting the potential for an antigenically dissimilar virus using the same mosquito and avian hosts to be introduced and detected in California.
The temporal and spatial distribution of enzootic WNV transmission generally mirrored the abundance of the primary vector mosquito, Cx. tarsalis, and it was similar to patterns reported previously for WEEV and SLEV (Reisen et al. 1992a (Reisen et al. , 1995c (Reisen et al. , 1996b , with the following exceptions: 1) ampliÞcation commenced earlier during spring, 2) Cx. p. quinquefasciatus became important epidemiologically after virus dispersed into the urbanized Upper Valley, 3) wild bird seroprevalence rates and therefore herd immunity were higher than recorded previously for SLEV, and 4) SLEV was absent. Cx. tarsalis was considered to be the primary enzootic maintenance and ampliÞ-cation vector in Coachella Valley, based on its high abundance, ornithophagic feeding habits throughout California (Reisen and Reeves 1990) , and the Coachella Valley (Lothrop et al. 1997 ), frequent and repeated infection with WNV, and moderate to high vector competence (Goddard et al. 2002 , Reisen et al. 2005a . Although transmission in the fall generally terminated in October with the onset of cooler weather and diapause in Cx. tarsalis (Reisen et al. 1995d) , virus activity occasionally continued at a low levels into December. Previously, isolates of WEEV and SLEV were made from December through March, but not from 15 March through 15 May (Reisen et al. 1992a ). In the current study, sentinel chicken ßocks maintained during winter in zones AÐD were tested monthly with negative results (data not shown). Multiple WNV positive pools of Cx. tarsalis were detected in April at North Shore in zone B during 2004 (14 April, two of 21 pools, infection rate 1.9 per 1,000) and 2006 (13 April, four of 19 pools, infection rate 4.2 per 1,000). Although WNV activity was detected in December in Texas (Tesh et al. 2004 ) and in January in San Bernardino (Hom et al. 2006) and Los Angeles, CA (Feiszli et al. 2007) , to our knowledge these positive pools represent the earliest detection of WNV in host-seeking mosquitoes in North America. Early WNV activity allowed virus ampliÞcation and dispersal during peak vernal Cx. tarsalis abundance. Interestingly, although ßooding of managed wetlands for migratory waterfowl during late summer and fall resulted in a signiÞcant increase in Cx. tarsalis abundance, WNV infection rates continued to subside during this period due to the high recruitment of nulliparous females associated with emergence from the ßooded duck clubs. However, even though infection rates decreased, seroconversions in sentinel chickens continued, thereby documenting the persistence of infectious female mosquitoes.
Cx. p. quinquefasciatus were abundant in older neighborhoods in the urbanized Upper Valley, zones FÐG, and they were repeatedly infected during intensive sampling in 2005, but they seemed to be infre- . Prevalence of Flavivirus antibody in 7,900 wild bird samples collected from January 2003 through June 2005 was 5.7%, signiÞcantly greater ( 2 ϭ 556, P Ͻ 0.0001) than reported for SLEV during 1996 Ð1998 (0.25%; n ϭ 10,945) and observed subsequently (Fig. 8) . Based on host-competence studies Reisen et al. 2005a Reisen et al. ,b, 2006c and the frequency of natural infection detected by seroprevalence, house sparrows, house Þnches, and perhaps selected ardeids, such as least bitterns, seem to be the most important avian host species in Coachella Valley. Although experimental infections were not done with least bitterns because of their threatened status in California, other ardeid species such as black-browned night herons produce very elevated viremias after experimental and natural infection, and they most likely are important hosts when nesting and roosting over land (Reisen et al. 2005b , Armijos et al. 2007 ). Several Columbiformes (mourning dove, common ground dove, white winged dove, and rock or domestic pigeon) and Galliformes (GambleÕs quail and domestic chickens) were frequently seropositive, but adults of these species have a very low host competence, because they produce viremias that rarely exceed 4 log 10 plaque-forming units of virus per ml. These species therefore probably are "dead end" hosts for WNV and their repeated infection most likely dampens transmission. Although not tested for WNV, mourning dove nestlings experimentally infected with SLEV produced very high viremias that efÞciently infected Cx. tarsalis (Mahmood et al. 2004) , so it is possible that nestling doves could contribute to viral ampliÞcation. In contrast, quail chicks were not competent hosts for either SLEV or WNV (Reisen et al. 2006c ). High infection rates in less competent avian hosts probably dampen virus ampliÞcation in habitats with high avian diversity, because of the frequent diversion of infectious host-seeking vectors to incompetent hosts (Kilpatrick et al. 2006) . Other competent avian hosts were either transients (e.g., orange crowned warbler) or winter residents (e.g., whitecrowned sparrow) and most likely would be of minimal importance in virus ampliÞcation.
Collective Flavivirus herd immunity peaked at Ͼ10% during November 2003 and August 2004. Virus transmission seemed to abruptly subside after August 2004, despite the fact temperatures were not limiting and Cx. tarsalis abundance rebounded in response to wetland ßooding in zones C and D. Similar transmission patterns were observed in subsequent years, but avian seroprevalence data were not available. A midseason cessation of epidemic transmission also was observed in Los Angeles during the epidemic of 2004, but here house sparrow and house Þnch seroprevalence rates exceeded 35% (Wilson et al. 2006) . In contrast, markedly higher herd immunity seemed to have had minimal impact on WNV transmission patterns in Kern County (Carroll et al. 2007 ). Our ongoing research attempts to elucidate epidemiological conditions that will allow the resurgence of WNV in California.
Corvids were noticeably absent from live bird serology or dead bird necropsy results from Coachella Valley. Although desert ravens and occasional American crows are found in Coachella Valley, they are relatively rare (http://www.mbr-pwrc.usgs.gov/bbs/ bbs.html). Moderate vector competence and the absence of highly competent corvid populations were considered to reasons that infection rates were low within Cx. p. quinquefasciatus populations in Coachella Valley compared with those measured in Los Angeles and Kern Counties during 2004 (Reisen et al. 2006a) . Interestingly, the following year, Cx. p. quinquefasciatus focal infection rates at several sites in zone G increased to epidemic levels of more than Þve infected females/1,000), and they were associated with a small outbreak of human cases. Unfortunately, avian sampling had been terminated by this time, and we have no data to explain this focal and ephemeral increase in activity.
The consistent pattern of early season activity at the relatively isolated and small area at North Shore, followed by dispersal to the rest of Coachella Valley, provided a unique opportunity to measure the ability of intense early season mosquito control to reduce or delay virus activity. Our results reported in a companion article (Lothrop et al. 2008) indicate that some of the reduction in virus activity during 2006 may be attributable to early season mosquito abatement.
